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(57)Abstract: 

PROBLEM TO BE SOLVED: To lower the power generation loss in a 
solid electrolyte without deteriorating mechanical strength and causing 
the increase of the material cost by using a material of a composition 
with high mechanical strength and an advantage from a viewpoint of 
the cost for the main component of an electrolyte and forming a thin 
layer having high ion conduction only on the surface in contact with an 
electrode. 

SOLUTION: As for a zirconia solid electrolyte to which rare earth 
metals are added; the solid electrolyte is composed of ion conductive 
layers 3 with high ion conductivity and a supporting layer 4 with low 
ion conductivity. The thickness of the ion conductive layers 3 with high 
ion conductivity is 0.03-50^m and an ion conductive layer 3 with high 
ion conductivity is formed in either a fuel electrode side or an air 
electrode side of an electrolyte or both surface sides. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 



1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] The multilayer mold solid electrolyte for solid fuel cells characterized by consisting of an ionic conduction 
layer with the high rate of ionic conduction, and supporters with the low rate of ionic conduction, and preparing the 
high ionic conduction layer for the thickness of a high ionic conduction layer in the surface of either an electrolytic fuel 
electrode side or an air pole side and both by 0,03 to 50 microns in the zirconia system solid electrolyte which added 
rare earth. 

[Claim 2] the high ionic conduction layer of claim 1 --ZrO(l-x-y)2-xSc203-yAl 203 (0.070<x+y<0.160 and 0.005< 
y<0.020) - the solid fuel cell characterized by using ZrO(l-x)2-xY 203 (0.025< x<0.040) for supporters using the ion 
conductor which has a presentation. 

[Claim 3] the high ionic conduction layer of claim 1 ~ ZrO(l-x-y)2-xSc203-yD 203 (being D=Yb or Lu and 
0.070<x+y<0.220 and 0.015< y<0.060) ~ the multilayer mold solid electrolyte for solid fuel cells characterized by 
using Zr0(l-x)2-xY 203 (0.025< x<0.040) for supporters using the ion conductor which has a presentation, 
[Claim 4] the high ionic conduction layer of claim 1 ZrO(l-x-y)2-xSc 203 (0.070<x+y<0.160 and 0.005< y<0.020) - 
- the multilayer mold solid electrolyte for sohd fuel cells characterized by using ZrO(l-x)2-xY 203 (0,070< x<0.110) 
for supporters using the ion conductor wiiich has a presentation. 

[Claim 5] the high ionic conduction layer of claim 1 - ZrO(l-x-y)2-xSc203-yD 203 (being D^Yb or Lu and 
0.070<x+y<0.220 and 0,015< y<0.060) - the multilayer mold solid electrolyte for sohd fuel cells characterized by 
using ZrO(l-x)2-xY 203 (0.070< x<0.110) for supporters using the ion conductor which has a presentation. 
[Claim 6] the high ionic conduction layer of claim 1 ZrO(l-x)2-xY 203 (0.070< x<0.1 10) - the multilayer mold 
sohd electrolyte for solid fuel cells characterized by using ZrO(l-x)2-xY 203 (0.025< x<0.040) for supporters using 
the conductor which has a presentation. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to an ion conductor and the solid electrolyte for solid fuel cells. 
[0002] 

[The conventional technique and a trouble] In recent years, an interest is increasing in the solid electrolyte fuel cell 
using an oxygen ion conductor. It has the description Vi^ich was [ expect / in order that the viewpoint of a deployment 
of energy to especially a solid fuel cell may not receive constraint of the Camot efficiency, have a high energy 
conversion efficiency intrinsically, and / still better environmental protection ] excellent. 

[0003] High ionic conductivity is called for from the need that the electrolyte of a sohd electrolyte fuel cell suppresses 
direct-current-resistance loss low when ion flows the interior. In addition, it is required to maintain sufficient 
reinforcement to the thermal stress produced from the temperature change accompanying operation and a pause of a 
ftiel cell. In addition, in order to hold down a manufacturing cost, it is necessary to use a cheap ingredient for a raw 
material. 

[0004] The oxygen ionic conductor by which promising has been carried out conventionally most has the 20Y3 
stabilization Zr02 (YSZ), the 20Sc203-alimiinum3 stabilization Zr02 (SAISZ), etc. These are the sohd electrolytes 
wiiich the zirconia was used [ solid electrolytes ] as the base, and rare earth elements etc, were added [ solid 
electrolytes ] to this, and made ion conductivity discover these ingredients ~ the oxygen ion transference number ~ 
100% (there is no electronic conduction nature) ~ and since a precise thing is obtained even if it calcinates at low 
temperature comparatively, it is thought that it is the most promising. 

[0005] What is examined best in this is the 20Y3 stabilization Zr02 (YSZ). When a presentation is the 2- 
0.08Y2O0.92ZrO(s)3 neighborhood in this system, it is known that electrical conductivity is the highest presentation. 
On the other hand, conductivity is comparatively inferior although the presentation with the highest mechanical 
strength is 0.97ZrO 2-0.03Y2O3. Moreover, when Sc 203 is used instead of Y203, the highest ionic conductivity in 
Zr0(l-x-y)2-xSc203-yAl 203 (0.070<x+y<0, 160 and 0.000< x<0.020) and a zirconia system is shown. However, 
since it is very expensive, when the ingredient (Sc 203) used as an additive here is used so much, it is difficult for it to 
hold down a manufacturing cost low. Thus, also in a zirconia system solid electrolyte, it is difficult to be satisfied with 
one ingredient of all demands. 
[0006] 

[Objects of the Invention] This invention uses the ingredient of tiie presentation excellent in the field of a mechanical 
strength or cost as the electrolytic main components, and it aims at improving generation-of-electrical-energy loss in a 
solid electrolyte, without hardly being accompanied by lowering of a mechanical strength, or lifting of ingredient cost 
by preparing the thin high layer of ionic conductivity only in the front face on wliich this touches an electrode. 
[0007] 

[Means for Solving the Problem] In order to solve the above-mentioned trouble, it consists of an ionic conduction layer 
with the high rate of ionic conduction, and supporters with the low rate of ionic conduction in the zirconia system solid 
electrolyte which added rare earth, the thickness of a high ionic conduction layer is 50 microns from 0.03 microns, and 
the multilayer mold solid electrolyte for solid fuel cells by this invention is characterized by preparing the high ionic 
conduction layer in the surface of either an electrolytic fuel electrode side or an air pole side and both. 
[0008] In the field which touches an oxygen electrode 1 and the fuel electrode 2 as this invention is shown in drawing 1 
The high ionic conduction layers 3, such as 0.92ZrO(s) 2-0.08Y2O3 with high ionic conductivity or (1-x-y) Zr02- 
xSc203-yAl 203 (0.070<x+y<0.160 and 0.000< x<0.020), are formed. Although ionic conductivity is comparatively 
low, the supporters 4 of other presentations excellent in the field of a mechanical strength or cost are used for parts 
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other than this. 

[0009] Here, although the thickness of the high ionic conduction layer 3 is comparable as the particle size of the 
electrode 1 with which this touches, and 2 material or is less than [ it ], it needs thickness 0,03 microns or more for 
obtaining membraneous quality good at least. Although the particle size of electrode material changes with production 
processes, since mean particle diameter is for 0.2 to 50 microns, it is usually required also for the thickness of a high 
ionic conduction layer 0.02 microns or more. It becomes about 50 microns from 0.02 microns with particle size. 
However, in order to obtain good membraneous quality, the minimum of the thickness of the high ionic conduction 
layer 3 becomes 0.03 microns. Moreover, supporters 4 become about 1 to 200 microns, if thickness is to about 20 to 
200 microns for supporters and a high ionic conduction layer - the tape casting method, a doctor blade method, a 
dipping method, and EVD ~ it is producible by law, 10 microns or less ~ a dipping method and EVD - it is producible 
by law, the RF sputtering method, etc. 
[0010] 

[Function] As shown in drawin g 2 , in the fuel cell, indispensable electrochemical reaction (case 02->20 [ of an air 
electrode ] and 20+4e~>2 0<SUP>2-) is performed in the three-phase zone vAiich the electrode wiiich supplies 
reactant gas and a current, and the electrolyte \\iiich carries ion touch simultaneously. In drawing 2 , 5 is the particle of 
an electrode. 

[001 1] Here, it is necessary to make into porosity the electrode material v^ich touches an electrolyte in order to fully 
draw reactant gas to the interface of an electrode and an electrolyte. For this reason, electrode material must consist of 
ingredients to some extent with a big particle size. As shown in drawing 7 , wdien the direct oxygen electrode 1 and the 
fuel electrode 2 are provided in the both sides of a solid electrolyte 6, the ion made by doing in this way flows 
considering the interior of an electrolyte 4 as the ion current, as shown in drawing 8 . In this case, the ion current is in 
the inclination wiiich concentrates a three-phase zone near this in order to flow as a source. Concentration of this 
current becomes so remarkable that the particle size of electrode material is large, and concentration of a current 
remains deeply to the interior of electrolytic. And concentration of this current means reduction of the substantial cross 
section of a conductor, brings about a big voltage drop in this part, and has become the big cause of generation-of- 
electrical-energy loss within an electrolyte. 

[0012] For the above reason, the ionic conductivity near an interface has big effect on a eel property. When especially 
the thickness of the whole electrolyte is thin, the voltage drop near an interface serves as main parts of the voltage drop 
within an electrolyte. 

[0013] When near the interface which the above-mentioned ion current concentrates is used as the multilayer mold 
solid electrolyte (high ionic conduction layer + supporters) replaced with the high ingredient 3 of ion conductivity, the 
voltage drop in this part is improved. It can come, simultaneously concentration of a current becomes is easy to be 
eased within the high ionic conduction layer 3 (current distribution tends to become homogeneity), and concentration 
of the current in supporters 4 is mitigated. This was typically shown in drawin g 4 , For this reason, the voltage drop 
within an electrolyte is mitigable only by preparing a very thin high ionic conduction layer in a front face. Moreover, 
although conductivity is inferior, the ion conductor excellent in the field of a mechanic^ strength or ingredient cost is 
used for parts with the main thickness of the wdiole electrolyte other than this. Consequently, generation-of-electrical- 
energy loss in a solid electrolyte can be improved, without hardly being accompanied by lowering of a mechanical 
strength, or lifting of ingredient cost. 
[0014] 

[Example] The example of this invention is explained below. In addition, although it is natural, this invention is not 

limited to the following examples. 

[0015] 

[Example 1] Drawing 5 and drawing 6 are drawings showing the example of a configuration of the solid fuel cell of the 
single eel which used the ingredient of this invention. Drawing 5 is a top view and drawing 6 is a sectional view. For an 
oxygen electrode and 2, as for a high ionic conduction layer, the platinum mesh for [ 4 ] current collection in supporters 
and 7, and 8, in the cell configuration of this example, a fuel electrode and 3 are [ 1 / the reference pole of a platinum 
paste and 9 ] alumina tubing (a solid electrolyte consists of high ionic conduction layer 3+ supporters 4). As an oxygen 
electrode, nickel- (0.92ZrO 2-0.08Y2O3) was used for the fuel electrode for La0.8Sr0.2MnO3. The platinum mesh for 
current collection was 16mmphi. The effective area of a eel is 2 about 2cm equally to the area of an electrode. The 
creation approach of a single eel is as follows. 

[0016] First, a presentation compounds the impalpable powder of 0.97ZrO(s) 2-0.03 Y203 by the usual solid phase 
reaction, forms a ceramic thin film with a doctor blade method, and roasts at 1200 degrees C. This plate calcinated by 
about 100 microns is a part which asks supporters 4 among solid electrolytes. Furthermore, the presentation carried out 
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the laminating of the layer of 0.88ZrO(s)2-0.115Sc2O3-0.005aluminum 203 to both sides of this plate by the dipping 
method, it was made to sinter at 1 100 degrees C, and the 5.0-micron high ionic conduction layer was respectively 
prepared in both sides. And fuel electrode nickel-YSZ of about 200-micron thickness and air electrode 
La0.8Sr0.2MnO3 were able to be burned at 1 100 degrees C on the solid electrolyte plate of the one side [ every ] 
above. 

[0017] The example of measurement of drawing 7 shows the effectiveness of this example. This is the current (current 
density)-voltage characteristic of the single eel measured at 800 degrees C about "eel #1" made from the above- 
mentioned way. "Cel #0" wdiich used the electrolyte of structure conventionally for the comparison was measured on 
the same conditions. This is also shown in drawing 7 . H2, 02, and gas are used for the fuel electrode and the oxygen 
pole here, respectively. The cell property with this example better than the conventional example, i.e., the current- 
voltage characteristic, was acquired so that clearly from drawing. Even when a multilayer mold solid electrolyte was 
similarly used only for one side for the ingredient of this invention, as shown in "eel #2" and "eel #3", the whole of the 
cell property was better than the conventional example. These are shown in a table 1. 

[0018] The output current in a single eel when the configuration of table 1 electrolyte and an electrode serves as a 
multilayer of /oxygen electrode / "layer #1" / "layer #2" / "layer #3" / fuel electrode/. The single eel was used as the 
oxygen electrode (La0.8Sr0.2MnO3) / electrolyte / fuel electrode (nickel-YSZ). 
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* A current value in case the output voltage of a eel is 0.2V (it measures in 800 degrees C) 
[0019] 

[Example 2] The eel which is the same configuration as an example 1, and changed only the thickness of a high ionic 
conduction layer was made, and the current potential property was measured. As shown in a table 2, only the thickness 
of a high ionic conduction layer was changed to 0.5 microns. The property with all better than conventional "eel 
#0" (table 1 reference) was acquired. 
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[0020] Only high ionic conduction thickness was changed with the configuration of "eel #1" as a high ionic conduction 
thickness dependency solid electrolyte of the output current in a table 2 single cel. 
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.* A current value in case the output voltage of a eel is 0.2V (it measures in 800 degrees C). 
[0021] 

[Example 3] The eel which is the same configuration as an example 1, and changed only supporters' thickness was 
made, and the current potential property was measured. As shown in a table 3, only supporters' thickness was changed 
from 50 microns to 150 microns. Tlie property with all better than conventional '*cel #0" (table 1 reference) was 
acquired. 

[0022] Only supporters thickness was changed with the configuration of "eel #1" as a supporters thickness dependency 
solid electrolyte of the output current in a table 3 single cel. 
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A current value in case the output voltage of a eel is 0.2V (it measures in 800 degrees C). 
[0023] 

[Example 4] The eel which is the same configuration as an example 1, and changed only the presentation of a high 
ionic conduction layer was made, and the current potential property was measured. This result is shown in a table 4. 
The property with all better than conventional "eel #0" (table 1 reference) was acquired. 

[0024] Only the high ionic conduction layer presentation was changed with the configuration of "eel #1" as a high ionic 
conduction layer presentation dependency sohd electrolyte of the output current in a table 4 single eel 
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A current value in case the output voltage of a eel is 0.2V (it measures in 800 degrees C), 
[0025] 

[Example 5] The eel wiiich is the same configuration as an example 1, and changed only the supporters presentation 
was made, and the current potential property was measured. This result is shown in a table 5. Tlie property with all 
better than conventional "eel #0" (table 1 reference) was acquired. 

[0026] Only the supporters presentation was changed with the configuration of "eel #1" as a supporters presentation 
dependency solid electrolyte of the output current in a table 5 single cel. 
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A current value in case the output voltage of a eel is 0.2V (it measures in 800 degrees C). 

[0027] Only the supporters presentation was changed with the configuration of "eel #0" as a supporters presentation 
dependency solid electrolyte of the output current in a table 6 single cel. (There is no high ionic conduction layer in a 
conventional-type eel) 
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A current value in case the output voltage of a eel is 0,2V (it measures in 800 degrees C). 
[0028] 

[Effect of the Invention] As explained above, the ingredient of the presentation excellent in the field of a mechanical 
strength or cost can be made into the electrolytic main components, and generation-of-electrical-energy loss in a solid 
electrolyte can be improved by preparing the thin high layer of ionic conductivity only in the front face on which this 
touches an electrode, without hardly being accompanied by lowering of a mechanical strength, or lifting of ingredient 
cost. 



[Translation done ] 
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